failure are a case in point (Brenner 1983) . Fine (1988) has recently reviewed the natural history of experimental and clinical renal disease in man, dog, rabbit and rat and pointed out the considerable species variation. Certainly the progressive glomerulosclerosis seen in relation to hyperfiltration in the rat is not common in human subjects who have lost a kidney in childhood, even in the long term (Robitaille et al. 1985) or in living related renal donors (Ogden 1983 ).
In the light of these difficulties, this paper will concentrate on the problem confronting clinicians : preservation of renal function in patients with chronic renal disease.
The scope of the problem of chronic renal failure (CRF) is well recognized. The success of dialysis/transplantation as modes of treatment is unquestionable, but in many countries their cost is a major concern.
The Australian data (Disney 1987 ) are based on a 100% return rate and thus provide very accurate information. Data from Europe (EDTA Registry Centre Survey 1985 Survey , 1987 ) and the United States (Eggers 1988) are not as comprehensive, given the much larger populations. Table 1 shows the acceptance rates in 1985 for new patients in these countries and Table 2 shows the total numbers of patients treated by end-stage renal failure (ESRF) programs in 1985. In the United States (Eggers 1988) , the cost of the Medicare ESRF program was $US 1 billion in 1979, $US 2 billion in 1984, and was projected to reach $US 3 billion in 1989. It follows then that preservation of renal function in patients with chronic renal disease is a financial as well as a medical priority.
Mathematical models of progression of renal failure
Many patients with renal functional impairment suffer relentless progression, and in individual patients mathematical models have been applied to plot and predict the course. The most commonly used is a plot of the reciprocal of the plasma creatinine concentration -a concept independently introduced by Mitch et (1977) . The concept is based on the observation that in a given patient the plasma creatinine varies inversely with creatinine clearance (Cockcroft and Gault 1976) , with corrections for age, weight and sex. Cockcroft and Gault (1976) pointed out the limitations in prediction of creatinine clearance from plasma creatinine concentrations, including a requirement for a steady state, variations in the relationship between muscle mass and total body weight and the problems related to the use of creatinine determinations to measure renal function (tubular secretion, diurnal variation, non-creatinine chromogens and alterations in creatinine production with increasing renal failure). Many of these limitations are reduced when using serial observations in a given patient, but on occasions can have a profound influence on the relationships between plasma creatinine, creatinine clearance and renal function, vitiating attempts to plot or predict a steady course. Rutherford et al. (1977) studied the course in 63 patients with diverse causes of renal failure. Although most patients seemed to pursue a steady course, with a single straight line relationship between 1/Cr and time, almost 20% of patients did not, and required the construction of 2 or more lines, implying an alteration in the slope at some point in their course. This occurred in 3 of 6 patients with glomerulonephritis, 2 of 8 with diabetes, l of 8 with pyelonephritis and 1 of 7 with polycystic disease. They also showed that to form lines of fit of the logarithm of plasma creatinine against time even more often required the construction of two or more lines. The conclusion can be drawn that in many patients definite changes in course appear with either acceleration or slowing of the rate of progression.
Nature of the underlying disease
Variations in rate of progression can be shown between different diseases, patients with the same disease, and individual patients at different times.
Using the rate of rise in the reciprocal of s. creatinine in dl/mg/month, Rutherford and co-workers (1977) reported similar progression in glomerulonephritis (0.014), diabetes (0.019) and polycystic kidneys (0.017) but not chronic pyelonephritis (0.005). Oldrizzi et al. (1985) found similar rates in glomerulonephritis (0.019) and polycystic disease (0.019) and again a slower course in pyelonephritis (0.003). However, patients on a protein restricted diet showed quite different rates, glomerulonephritis 0.017, polycystic kidney 0.003 and pyelonephritis 0.0002.
In different patients with the same disease, considerable variations are seen. In the series of Rutherford and colleagues (1977) , rates varied as follows : glomerulonephritis 0.007-0.026, diabetes 0.003-0.038, polycystic kidneys 0.0015-0 .063, and pyelonephritis 0.000-0.014. The study (Rutherford et al. 1977 ) also showed great variation from time to time in individual patients, with variations of over 10-fold.
Among the glomerular diseases particularly characterized by remission and exacerbation (often due to superadded crescent formation) with fluctuations in renal function are IgA nephropathy, membranoproliferative glomerulonephritis, lupus nephritis and the vasculitides. Associated increases in proteinuria and haematuria are usual (Kincaid-Smith and Whitworth 1987).
In polycystic kidney disease sudden decline in function, often with loin pain, haematuria or other urinary symptoms, suggests haemorrhage, infection or obstruction by cyst distention.
The possibility that cyst de-roofing might help in specific cases has recently been raised (Bennett et al. 1987 ) despite previous reports that Rovsing's operation is more likely to accelerate renal failure (Mitcheson et al. 1977) .
Analgesic nephropathy is one condition where removal of the cause i.e. cessation of all analgesics, and treatment of the complications usually leads to stabilization and even recovery of a great deal of lost function (Kincaid-Smith et al. 1970) . Sudden decline in function in stable patients should prompt an aggressive search for non-steroidal inflammatory drug intake, obstruction due to papillary necrosis, urine infection, ureteral stenosis, renal papillary tumor or renal artery stenosis, all of which occur more frequently in these patients.
Although transient deterioration in function has been associated with sepsis, it has been difficult to clearly relate urine infection and chronic functional decline in adults with reflux nephropathy (Kunin 1985) . However, scarring is clearly associated with urine infection in children. Persistence of reflux is also a factor which is relevant in the child but not the adult (El- Khatib et al. 1987) . Ureteral obstruction by calculus is also a recognized complication of reflux nephropathy (Torres et al. 1983 ).
Currently there is little evidence that control of hyperglycemia will prevent progression of clinically apparent diabetic nephropathy (Viberti et al. 1983 ).
Conversely acute deterioration in function is not caused by poor diabetic control, other than through pre-renal effects. If sudden deterioration in function occurs, urine infection with renal abscess formation, renal papillary necrosis and renal artery stenosis should be considered.
Hypertension in progression of renal disease Does benign essential hypertension cause renal failure? The haemodynamic changes of essential hypertension are well known. Renal blood flow (RBF) decreases but filtration fraction (FF) increases and glomerular filtration is relatively well preserved (Birkenhager and Shalekamp 1976) . There is a progressive fall in glomerular filtration rate (GFR) with age in normal subjects and this may be accelerated in hypertension.
Reubi (1960) studied untreated patients with benign essential hypertension (DBP < 120 mmHg) and found only minor changes in renal haemodynamics, indistinguishable from aging changes. Even with DBP 120-150 mmHg, renal functional deterioration was minimal in the absence of grade III to IV retinopathy.
However, whether or not benign essential hypertension causes renal failure progressing to end stage is a matter of some controversy.
Certainly essential hypertension complicated by malignant phase, or renal artery atheroma with severe renal ischaemia can cause end stage renal failure, but these are uncommon complications. In a recent analysis of 83 patients with accelerated hypertension we identified a cause for the hypertension in 80% of cases (Yu et al. 1986 ).
If benign essential hypertension does cause ESRF, it must be a very rare event. Epidemiologic studies indicate that over 15% of the Australian population are hypertensive (Australian Therapeutic Trial in Mild Hypertension 1980), ie there are over 2 million hypertensives in the country. On the other hand, in total there are only 275 patients per million on ESRF programs (Disney 1987) , i.e. 1 in 400 Australians, compared with the 1 in 6 who are hypertensive.
As the cause of primary renal disease is known in the majority of ESRF patients (Disney 1987) , it follows that only 1 in 2000 patients with essential hypertension might be going into ESRF. Certainly the major treatment trials in essential hypertension have all been characterized by a paucity of renal end-points. We have reviewed the evidence that benign essential hypertension does not cause progressive renal damage elsewhere (Kincaid-Smith and Whitworth 1987). In brief, in 131 consecutive autopsies on patients with BP> 180/110 mmHg but no retinal haemorrhages or exudates, there was no evidence of reduction in renal size and hyalinized glomeruli were rare. In a study of 10,000 autopsies, Zollinger (1966) found only 11 cases of renal shrinkage he could attribute to benign arteriosclerosis and 7 of these had severe renal artery atheroma.
It should be noted that studies attributing renal impairment to essential hypertension commonly fail to report urine microscopy findings, or use criteria for "normality" which are inappropriate ie <10 red blood cells/ hpf (Kesson et al . 1978 ; Birch et al. 1983; Lindeman et al. 1984) , so that the "essential" group are likely to include patients with underlying renal parenchymal disease (Mowbray et al. 1980) . Hypertension complicating renal parenchymal disease. Most, if not all, forms of renal disease can lead to hypertension, particularly if renal impairment is present, but hypertension is more common in vasculitis and glomerulonephritis than in interstitial disease (Vendemia et al. 1981; Blythe 1985) . Hypertension is a common mode of presentation of renal disease and should always prompt careful urine examination.
Hypertension is widely regarded as a poor prognostic feature in renal disease (Orofino et al. 1987 ) and there is both experimental (Neugarten et al. 1982; Okuda et al. 1983 ; Baldwin and Neugarten 1985; Blantz et al. 1987 ) and clinical evidence that benign hypertension accelerates progression of renal disease (Baldwin and Neugarten 1985; Shimamatsu et al. 1985) . Certainly patients with renal disease who develop malignant hypertension usually progress very rapidly to end-stage. We have shown (Becker et al. 1986 ) that the course of functional decline in patients with reflux nephropathy who experience severe uncontrolled hypertension (DBP > 120 mmHg but without haemorrhages or exudates) is more rapid than that of a cohort of patients with similarly impaired renal function (plasma creatinine 0.2-0.4 mmol/liter), whose blood pressure was well controlled. Treatment of hypertension has been reported to slow progression in diabetic nephropathy (Mogensen 1982; Parving et al. 1983 ) and some other forms of renal disease (Pohl et al. 1974; Baldwin and Neugarten 1985; Bergstorm et al. 1986 ).
Extrinsic factors A variety of extrinsic or non-renal factors can accelerate renal failure (Table  3) . Shock, sepsis, dehydration, cardiac failure and other causes of decreased effective renal perfusion can all precipitate acute on chronic renal failure or acceleration of functional decline. Improvement in pre-renal status can correspondingly improve renal function i.e., rehydration of the dehydrated patient.
Renal artery stenosis, often accompanied by severe hypertension, is a reversible cause of accelerated function decline. Repair or revascularization can improve or stabilize severe renal failure (Morgan et al. 1974 ). The result depends on the quality of the kidney beyond the stenosis, and the presence of severe intrinsic disease indicates a likely poor result from renal artery surgery. Renal vein thrombosis usually occurs in association with nephrotic syndrome and most commonly presents with worsening of proteinuria and progression of renal failure (Llach et al. 1980 ).
Obstruction to urine flow can occur with few suggestive symptoms in patients with renal disease. Prostatomegaly must be excluded in all males. In analgesic nephropathy both papillary necrosis and ureteral stricture (MacGregor et al. 1973) can cause painless ureteral obstruction. Becker et al.1985 Becker et al. ,1986 Hou et al. 1985) have observed rapid deterioration in renal function in pregnancy, particularly in patients with initially impaired renal function.
In patients with reflux nephropathy we reported an accelerated course in relationship to pregnancy (Becker et al. 1986 ). Furthermore we reviewed the reports of pregnancies in patients with renal failure (plasma creatinine > 0.20 mmol/liter) due to chronic primary glomerular disease (Becker et al. 1985) and found that deterioration in renal function was usual. Similarly Hon et al. (1985) found, in 23 women with plasma creatinine concentration > 0.11 mmol/liter, that 7, all with plasma creatinine >0.15 mmol/liter, experienced a decline in renal function greater than expected from the natural history of the underlying disease.
The factors involved in this renal functional decline with pregnancy are unclear. It seems likely that acceleration of secondary focal glomerulosclerosis (FGS) plays a part. We have found a greater incidence of FGS in patients with IgA glomerulonephritis in relationship to pregnancy (Whitworth et al. 1982b) , and FGS in several of our patients with reflux nephropathy who deteriorated in pregnancy (Becker et al. 1986 ). Taylor et al. have suggested that primary FGS is accelerated by pregnancy, while others have each suggested that pre-eclampsia itself may lead to FGS (Taylor et al. 1978; Kida et al. 1985) .
Nephrotoxins. Numerous drugs are potentially nephrotoxic (Schrier and Gottschalk 1988), particularly if renal function impairment is already present. In this context their nephrotoxic effects can easily be mistaken for the natural history of the disease (Table 4) .
The potential danger of radiocontrast nephrotoxicity in patients with established renal dysfunction is well known (Schwartz et al. 1963 ). The more insidious syndrome of cholesterol embolization of the kidney should be considered in patients in whom acceleration of renal decline, often associated with microscopic haematuria, is seen after arterial catheter studies (Harrington et al. 1968 ). 
Diet in progression of CRF
The use of low protein diets in management of CRF dates back to the early part of this century (for review see Klahr et al. 1983 ; Bergstrom 1984) . For many years protein restriction was used to control uremic symptoms and its value in retarding progression was espoused only by a few enthusiasts. In recent years a number of studies, albeit methodologically unsatisfactory, have reported benefit of protein restriction in slowing progression of CRF (Maschio et al. 1987 ).
We have recently published an 18 month prospective randomized study of moderate protein restriction in 72 patients with renal insufficiency (p. creatinine 0.35-1.00 mmol/liter) (Ihle et al. 1989 ). Patients were observed for at least 3 months prior to entry to ensure that renal failure was progressive but not deteriorating acutely and only patients in whom hypertension, infection, and calcium/ phosphate balance were controlled were included. Patients with systemic disease eg diabetes, systemic lupus erythematosus, and those receiving immunosuppressives, converting enzyme inhibitors, or potentially nephrotoxic drugs were excluded.
After written informed consent was obtained, patients were randomized to ad libitum diet, containing a minimum of 0.75 g protein/kg/day, or a 0.4 g protein/ kg/day diet containing at least 75% of high biologic value protein and caloric supplements to provide a minimum of 35 kcal/kg/day, so that the two diets were isocaloric. The low protein diet contained 700 mg/day phosphorus, about 60% of the regular diet.
All patients were evaluated monthly by a dietician and clinician. Adequacy of the diet was monitored by body weight, anthropomorphics, diet history, s. albumin, transferrin, complement and whole blood lymphocyte counts.
Seventy-two patients were enrolled. Three withdrew because they found the diet unacceptable and 5 were excluded because of non-compliance with diet or medication, leaving 64 patients who completed the study. They comprised 42 men and 22 women, median age 37 (19-69 years), 33 on regular diet and 31 on low protein diet. The primary renal disease was similar in both groups (glomerulonephritis 15 and 13, polycystic kidney 5 and 7, reflux nephropathy 5 and 4, analgesic nephropathy 4 and 5 and miscellaneous 2 and 4 in low and regular protein groups, respectively).
Nine of 33 on regular diet reached ESRF and commenced dialysis during the study, compared with 2 of 31 on protein restriction (p <0.05, Chi squared test). GFR, as measured by 51Cr EDTA clearance, was similar pre-treatment, 15±2 ml/ min in the regular diet patients and 14 + 3 ml/min in the low protein group. Final GFR was 6 + 3 and 12 + 3 ml/min respectively, (p <0.02, Wilcoxon rank sum test), a 60% reduction on regular diet compared with only 17% in the low protein group. P. creatinine rose from 0.61 + 0.18 to 0.93 ± 0.25 mmol/liter on regular diet, and from 0.68+0.17 to 0.79+0.21 mmol/liter on low protein diet (p < 0.02, Wilcoxon rank sum test). Rate of progression as determined by the reciprocal of p. creatinine against time was also slower in the low protein diet group (p < 0.05, ANOVA).
Body weight was maintained on regular protein intake but fell initially in the low protein group. Urinary urea excretion was lower on low protein diet after 6 months. Plasma albumin was maintained in both groups but total lymphocyte count and transferrin fell on low protein intake. Middle arm circumference and triceps skin fold were similar in both.
We concluded that dietary protein restriction is effective in retarding progression of CRF, whilst maintaining adequate nutrition.
This study did not address the question of whether the beneficial effects of the diet were due to protein restriction per se, or some other component, eg phosphate, lipids. The evidence for a role for these components has been reviewed by Klahr and co-workers (1983) who regard it as less compelling than for protein.
Disorders of calcium and phosphate metabolism
Disturbances in calcium and phosphate metabolism are an invariable consequence of chronic renal failure, and can lead to further loss of renal function. Rises in plasma phosphate concentration and calcium x phosphorus product may precede or coincide with elevation of the plasma creatinine. Most of the controlled studies aimed at determining whether dietary phosphorus restriction can slow the progression of renal failure have been flawed by concomitant restriction of protein intake in the low phosphorus diet. Barsotti et al. (1984) , however, showed that patients on a severely restricted phosphorus diet (6.5 mg/kg/day ) progressed more slowly than those with a moderately restricted phosphorus intake (12 mg/kg/day), even when both groups had a similar protein intake (0.6 gm/kg/ day). Barrientos et al. (1982) were unable to demonstrate a similar effect with restriction of absorption of phosphorus by concurrent aluminium hydroxide ingestion, although the exact diet was not specified, other than being "low protein". Hypercalcaemia can also cause acute deterioration in renal function and usually occurs in relation to Vitamin D or calcium supplementation.
A direct nephrotoxic effect of Vitamin D has been suggested, somewhat controversially, even in patients who do not develop hypercalcaemia or a rise in the calcium-phosphorus product (Voshiyama et al. 1980 ; Christiansen et al. 1981 ). There is also controversy over whether an elevated parathormone level directly leads to renal functional deterioration, rather than acting through elevation of the calcium x phosphorus product. Certainly in man subtotal parathyroidectomy does not prevent the increase in rate of loss of function with Vitamin D and calcium therapy (Collier and Mitch 1980) .
Converting enzyme inhibitors and the kidney
The renal effects of angiotensin converting enzyme inhibition (CEI) have been reviewed by Brunner and co-workers (1987). CEI have been reported to increase renal blood flow (RBF) under conditions of renin-angiotensin system stimulation (Navar et al. 1979 ; Nishiyama et al. 1979 ; Reubi 1984 ) but this is not invariably seen in the sodium replete animal (Whitworth et al. 1982a ; Reubi 1984) . In man captopril has been reported to increase RBF in patients with essential hypertension (De Bruyn et al. 1979; Reubi 1984 ) and normal subjects (Hollenberg et al. 1981 ). Meggs and Hollenberg (1980) in a review of CET and the kidney concluded that there is little response to CET in animals or man when the renin-angiotensin system is suppressed by high sodium intake, but with sodium restriction RBF is increased by CEI.
In the normal or salt depleted kidney, GFR is usually unchanged ( Thus in the normal kidney CEI may have little effect, but will tend to increase RBF where the renin-angiotensin system is activated eg salt depletion, anaesthesia. In essential hypertension CEI lower pressure and tend to increase RBF while GFR remains constant and FF falls. The effects of CEI on the stenotic kidney are very different. In the aortic constricted sodium deplete dog CEI produce very marked falls in GFR and FF (Hall et al. 1981 ). These effects are prevented by concurrent infusion of angiotensin II, indicating All inhibition is producing the altered renal function. In human renal artery stenosis the effects of CEI are similar and may give rise to significant renal impairment (Jackson et al. 1986b ; Johnston and Hodsman 1986) . Although renal function is usually normal to clinical testing in patients with unilateral renal artery stenosis on CEI, elevated serum creatinine is seen in about a third of patients with bilateral stenosis and about two-thirds of patients with stenosis of an artery to a single kidney (Johnston and Hodsman 1986 ).
Converting enzyme inhibitors in patients with renal disease. CEI are very effective in lowering blood pressure in patients with primary or secondary renal parenchymal disease (Hamilton et al. 1981; Walter et al. 1982 ; Herlitz et al. 1984 ) and sometimes dramatically effective in controlling the hypertension, and thus renal failure, of progressive systemic sclerosis Thurm and Alexander 1984 ; Beckett et al. 1985) .
CEI are excreted by the kidney and thus are given in reduced dose (once daily) in renal impairment. Even when dosage is reduced, however, renal side effects can be a significant problem, and non-renal side effects are more of a problem Jenkins et al. 1985) .
As discussed above, CEI can precipitate acute renal failure in certain patients with renal artery stenosis (Jackson et al. 1986b Brivet et al. 1985) . Some of these cases are due to interstitial nephritis (Hooke et al. 1982 ; Reubi 1984) .
First dose hypotension can be a problem with CEI Whitworth et al. 1982c ) and this can also precipitate acute renal failure Whitworth et al. 1982c) . A particular concern with CET in CRF is the risk of precipitating hyperkalaemia (Textor et al. 1982 ) because of CEI induced falls in aldosterone secretion. This can be a major problem where potassium sparing diuretics are used. Membranous nephropathy and nephrotic syndrome in captopril treated patients (Prins et al. 1979 ) has proved to be uncommon (Kincaid-Smith et al. 1980 ) with widespread use of the drug in appropriate dosage.
Converting enzyme inhibitors and progression of renal disease. Numerous studies have shown that functional and structural damage in the rat remnant kidney model of CRF is ameliorated by treatment with CET (Anderson et al. 1985; Jackson et al. 1986a; Beukers et al. 1987; Meyer et al. 1987 ). It should be noted however that this is true of early treatment and is not the case once proteinuria and glomerulosclerosis are well established (Beukers et al. 1987 ).
There has been much interest in the role of CEI in preventing progression in experimental (Zatz et al. 1986 ) and clinical diabetic nephropathy, (Taguma et al. 1985; Bjorck et al. 1986; Hommel et al. 1986 ) and this has been discussed in previous papers. Reports are now appearing which examine the role of CEI in retarding progressive loss of renal function, independent of their effects on systemic blood pressure. Bauer et al. (1987) reported 23 patients with `essential hypertension' treated with enalapril. Twelve of the patients had moderately impaired function initially. No information was given about renal anatomy, urinalysis or urine microscopy so it is difficult to know the aetiology of the renal impairment. Over 3 years of follow-up effective renal plasma flow (ERPF) and inulin clearance increased. The study was uncontrolled. In another study (Reams and Bauer 1986) this same group examined the effects of enalapril in a small group (n =9) of patients with moderate-severe renal impairment. Over 4 weeks treatment enalapril (given with furosemide in 3 patients) lowered pressure and increased ERPF. GFR did not change. In 5 patients studied over a further 6 months GFR and ERPF remained stable. The study was uncontrolled and previous stability of function was not mentioned. They suggested that enalapril may have a renal protective effect in patients with hypertension with moderate to severe renal insufficiency. Mann and Ritz (1987) looked retrospectively at the change in creatinine in patients with renal failure treated with either CET (n = 39) or other drugs (n = 41). Blood pressure at presentation and after 12 months treatment were similar but median serum creatinine rose less in the CEI group, 2.33 mg/100 ml to 2.65 mg/ 100 ml, than in the group treated with other anti-hypertensive medication, 2.39 to 3.45 mg/100 ml. The study was retrospective but the groups were said to be comparable in age and underlying renal disease. Mann and Ritz concluded that CEI "may have specific advantages with respect to preservation of renal function in patients with renal failure. Randomized trials are needed to validate this conclusion".
In a short term uncontrolled study of lisinopril on blood pressure, proteinuria and renal function in 13 patients with renal disease of different aetiologies, Heeg and co-workers (1987), found the drug reduced proteinuria by 61%, whereas previous conventional anti-hypertensive therapy had not. GFR also fell on lisinopril over the 12 week period, by 21%, (p <0.01). Lagrue and colleagues (1987) treated 10 patients with primary glomerular disease with captopril for at least 6 months in an uncontrolled study and found a significant fall in proteinuria (5.0 to 2.5 g/day). Mean blood pressure, s. creatinine and s. potassium were respectively 159/95 and 148/84 mmHg, 158 and 189 mmol/liter, and 4.1 and 4.5 mmol/liter before and 6 months after captopril.
Over the last 2 years we have been conducting a prospective double blind randomized study of enalapril 5 mg with matching placebo in patients with progressive renal failure. Patients with progressive loss of renal function, of known aetiology, serum creatinine 0.25-0.60 mmol/liter, are eligible for entry provided they are not on current treatment with immunosuppressive drugs or CET and there is no clinical evidence of acute on chronic renal impairment. All patients are seen at similar intervals and blood pressure, fluid and electrolyte balance and hyperphosphatemia treated on their merits. Patients are advised to keep dietary protein intake constant and are assessed regularly by a dietician. Patients are followed for 2 years. End-points are death, commencement of dialysis or development of uraemic symptoms or signs.
It is planned to compare 6 monthly 51Cr EDTA clearance and the slopes of reciprocal of serum creatinine against time using analysis of variance.
Effects of other drug therapy in modifying progression
Ibopamine, an orally active dopamine analogue, has been reported to delay the onset of uraemia in patients with chronic renal disease (Steofini et al. 1982 ). Docci and co-workers (1986) undertook an uncontrolled study in 20 patients over 6 months comparing slope of the reciprocal of serum creatinine concentration against time, before and after treatment with ibopamine. The overall rate of decline in renal function decreased significantly on drug, although maximum benefit was observed in non-glomerular diseases. Like dopamine, ibopamine augments renal perfusion in normals and presumably causes renal hyperperfusion in patients with chronic renal failure. The authors (Docci et al. 1986 ) point out that these `speculations are difficult to reconcile with the hypothesized role of haemodynamically mediated injury in the pathogenesis of progressive glomerular sclerosis'.
In a randomized study comparing patients on stable antihypertensive therapy and placebo (n =12) with those on the calcium channel blocker nisoldipine (n = 14), Cohen and co-workers (1987) found a decrease in rate of progression in 4 of 12 on placebo and 12 of 14 on nisoldipine. Blood pressures and protein intake were similar. Overall slope of 1/s. creatinine against time decreased significantly in nisoldipine patients but not in the placebo group, although slopes were different in the two groups initially.
They concluded that nisoldipine reduced rate of progression of chronic renal failure significantly in protein restricted patients already treated for hypertension and hypothesized that this may have been due to prevention of renal tissue calcium deposition.
Are controlled trials necessary ?
We have reviewed some of the multiplicity of factors which can affect progression of chronic renal failure in human subjects. Given this information, we believe historical controls are not sufficient to enable firm conclusions to be drawn about the value or otherwise of any particular treatment. This point was made very clearly by Bergstrom and co-workers (1986) , who demonstrated that frequency of visits, and hence quality of conventional conservative careJand blood pressure control, could favorably influence progression of renal failure. These observations were made during the control period of a prospective randomized study of the effects of protein intake on progression rate. The progression rate of renal failure evaluated both from the slope of reciprocal serum creatinine and creatinine clearance against time, was about 50% lower after patients entered the control phase of the study. This difference appeared attributable, at least in part, to improved blood pressure control but not to changes in protein intake. They felt their results cast doubt on the relevance of earlier longitudinal studies of the effect of protein intake, including their own, as better care of blood pressure, fluid balance and compliance with medication might have influenced progression rather than low protein diet per se. As they concluded, this observation "has important implications for the design of. ... studies in the future" (Bergstrom et al. 1986 ).
Certainly many questions remain to be answered. The evidence that protein restriction retards progression is in our view good, but the case has not been proven to the satisfaction of all workers in the field. The effects of drugs, including CEI, need to be examined in carefully controlled studies, and the interactions between protein restriction and drugs requires study both in experimental animals and in man.
As the costs of ESRF management become an increasing burden so these questions become more important not only to individual patients, but to the community as a whole.
